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^-v: 1/ 



imxm 1 1 

^tff^$n, 1-77 ^ITjft^&J: 0 *>'W t ZmW-t-fZ 
C P P Mg^^SJ^*^ y Ko 

»*«lX{±2ie«<7)CPPSE^:^W^)^-> Kfciiv>-C\ fflBS5c«B14«t±, * 

iOHSg«attJiO— fflJXttifeW**. Fe-Co-Cu (^/iL, Fe>l 0^%, Co 
> 3 0m=f-%, C u > 5JH^-%) , Fe-Co-Cu-X (fcrtfU XliP t> Pd, M 
n. Si, Au, A g (7)v>f tl^ 1 Uli 2 i^±Oxit*^. ) , X«Co 2 MnY ( 
fcrtfU YliGe, Si, Sn, A 1 <£> v*-fft^ 1 2 W>X±.<T>it^tb Z> ) \Z «fc *) 

?&SS*VCV»*C P P1E*I^Ma7 Ko 
[»#*K4] 

1 4^ L 3 ov>f n*»-]St:|E«oC P PSg^l^S^*^ 7 Kfci$v»T, HU 
[»*915] 

»*3S4ie*oc p Pig^s^fA 7 kk*v»t, triasansstteji, n i -o 

Ko 

[IS*«6] 

fS*^4ie«coC P PaE^M^jg^^^-y Kfc*jv>t\ HirfBR3H8te«t±, N i -O 
Xli a - F e 2 0 3 K <t •) ffM $ ftfc«»R30HBteJl t > - 0>lfcJt&3ftJ81±J| fc lufSS^iSI 

tts^ran^s-f -s^«Ran«si4g c p piE^m*A7 k c 

7 ] 

BBE^cffll^CfifiLa**^ t hIIIETpB > - ^ KB S 0* Hu E±tt v - A/ KW ^ n > hu 1513 
Ko 

»**7lB«OC P Pag^I«fiJt»ft^^ KKfcv^T, fltfEE*«&Uaffi3&** : F-*: 
iHET«»y-^KJloWK^ffi-*-S^:M»*«tt^JRil»±, Ta/Cu, Ta/Ru/C 
u, Ta/Cr, Ta/Ni-Cr, Ta/ (Ni-Fe) -C rX(iC rO^WC 
£ ti. Zb\zmM*\ZC r C r^i75 ? 2 0I^%^x.TV^C 

P Pig«i»A7 Ko 

[If 9 1 
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<t o ^js $ n , mmmi* t <dm fawny <D%&m&mm 2 ntt^c^titt^cppa 
1 0 3 

ISMIEftOC P PlgMMfti*A 7 KK£v*T\ fj|£H^14)S(i. h v y ^"PI 
^•[^O^-ffiJ: <>'W F ^|S]Otft^ i C P P Sg^ffii^A 7 Ko 

mxmi 13 

#£Ht£ * Lxmi m&m&m tm2 mmmm zmm l tzmm -7 ^ >j mm. * * t 

, :o@€Ittl<0-^Xl±^\ Fe-Co-Cu (f^:L, Fe>10^%, C 
o > 3 0 C u > 5 , Fe-Co-Cu-X (fztzL, XUPt, Pd, 

Mn, Si, Au, A g<D^-ftlfr 1 ^Xf± 2 #J^±<7)7C*-C£> & ) , K±Co 2 MnY 

(fztzL, YliGe, Si, Sn> A 1 <D^-f tifr 1 ttXii 2 ttm±07n^-C^^) 
t) M^tiTi.^ C P PSE^I^Ma 7 Ko 

[If M 1 2 3 

it*^9^v^Li i <D^-r tifr-mzmm.<D c p pig*rati*A7 Ktc&^-c, 
■n^zm^^K^m.'&.m^mk.tzc p pig^rara*A7 k c 

[If M 1 3 j 

IfMl 2§E*cOC P PIgM^MA7 KHisv^-c, HuieE?^MMf±> N i - 

oxii« -f e2 03 tcj; 19 $ titz^m fcm&&m-e*> & C P pm&jzmMmm^ 

v Ko 

[If M 1 4 3 

IfMl 2 IE! O C P P lE^ciMI^M a 7 K^is^T, mrieR?i?8H±^t±. N i - 
OXIi«-Fe 2 03i:J: i)ffM$n^«raSI14i^ £ <omm K&m&m t huIESte 
If4ioPli:ifttS#IM?MttiK^^C P PIg^lSMA7 K 0 
[If Ml 5 3 

IW9^v>Ll 4 <7>v>iT ti^-^PJcfEfcOC P Plg^rarafA -y K(C&V>T, 

HiriEg^fi^iS^^mT- 1 gffETiris -> - ;w k« a raiE±SB *> - ^ Kg £ o ft k , mi 

ft* <£ 0 4*li«t?^*StL7t*M**«tt^JKit*#x.*:C P PIE^ItiS^if a 

7 Ko 

[If Ml 6 3 

Ml 5fB«<7)C P PIE^M*A7 KK*3V»t\ HfflEg^M^**T- 
fc*ffiT«v-^KWWW^ft-*-*^:iS»*»tt^JKit»±, Ta/Cu, Ta/Ru/ 
C u, Ta/Cr, Ta/Ni-Cr, Ta/ (Ni-Fe) -C rKiC r©V>fn^ 

C P PIEM^Stn:i*A7 Ko 
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IfS^ofefS;] C P Plg«M*A 7 K 
[J£#f^if3 
[ 0 0 0 1 ] 

[0 0 0 2] 

/n- K^-f -9-4 ^jc flavins (GMR) *T-ti 

, *T-^«^:i--5,^OM®H*tLT¥tf *^tw-t>^*st*«aEn-6C I P (Current 
In the Plane) It, 3ST-£«J&-f &&g<7>!IilfflK*t LTM&?j |p]tc-fc >^.S»SE75 s a^ 
&CPP (Current Perpendicular to the Plane) M t U^glJ-T & ^ <h 7^ £ & 0 
[0 0 0 3] 

HI 2 1 ti, I^CP P-GMRt^*fflv>fcCPP-GMRA7 K tf> fit it £tf 
Ilt^^o CPP-GMRA7 K 1 0 0 {± , m^X/jJn]KK< MXfXftZf&ZtltzTUi' 
-;i-Kgl 1 0. TSK^-^ Kg 1 1 O^H^X^lSjO^^i^^^tt^T^MI* 
#^JH 12 0, £<aT8P#fiB14&««l 1 2 0±K**J&*$*Lfc7 »J -flSttS 131, # 

132, Hj^iStte 133, frmmm 1 3 4 aouiasgiHBtefcJK* 1 4 

0, £0±flglH8te&J|5jRl 4 O<7>±(=0^X^|fiIHfi<KO f T0j*$*Lfc±*B'>-^K 
1150, "7 'J 1 3 1 o— Wao^fiSttWJH-B l 3 2 ^M«SKt:^LtM$ti 

^/n- V'U T7,m 16 3, S^a- K/W T^g 1 6 3 kT»'>-/l' Kg 1 1 OS^'l 

Kg 1 5 0 1 <r>m*ntbz>m%Wk 1 6 1 , 1 6 4 itu-cv^o ^- hv* 

>f7^f 1 6 3 tmmm l 6 l orat:i±AM7^Til l 6 2?!> s 'fIx.<b*i-C^&o 
[0 0 0 4] 

[#I^m 1] #^2000-123325 -^fR 

[#^m 23 #i§ 2001-266313 

[#fr5:« 33 #PH 2001-307307 

l&WteM. 43 #132 0 0 2-2 3 2 0 4 0 

mtfrJCffi 53 #r?B 2002-305338 

[#lr^ 63 #0B 2002-3191 12 -t&*R 

[#I^m 7 3 *S«PMF» 6023395-f- 
[#fr^Cm8 3 6 0 5 2 2 6 3f 

[#tf 9 3 *mmtm 6 2 5 9 5 8 6 Blf 

imttm i o 3 ^mmtrn 6330136B1? 

[0 0 0 53 

±IBM0CPP-GMRa 7 K"C(±, TSUv-^KJgl 1 OSMy-^Kll 5 
0^m@M4-*^-Cj3f), TUSy-^Kil 1 OSmv-^Kil 5 OCttl^I 
*i& 0 iOT«Rv-^KWl 1 OXOfia^-^Kll 5 014, IjEO^J:^:, tfflxJfN 
i F e 9 *KcS8tt*tfl-^ i otiS?*t0^o iot, TflSv-^ Kg 1 1 0M 
±lft->-A< Kg 1 5 0 Iz-tyAnffitimtiZ fc, AMR (**14l85Cffitt:) S**3&*^D, 
TS&v-^Kgl 1 OS^y-^Kil 5 OWjSfiiffi^JSStt^o - O&ift^ffcti, 

[0 0 0 63 

^otv^o ^iJx.{fHI^J-r(±, -t^xm^ Otis A ffl (TSBv-^KSl 1 0 

fcT«£fq8tt&JRIIl 2 O^j&LT^&fSH, &£/±S|$v-^ Kg 1 5 0 fc±«#»14 

tin 4 oa*«ttLTv»*ieH) -emrL^j^^< ^ot^ 0 

[ 0 0 0 7 J 
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±fEAMR^*tCJ;^y -YX^fg^-ii&Ufi, AMR3!j^<7;/Jn£v^>-;i, K*m£JB 
^■CT»y-^KSl 1 0Rrf±U^-^ Vm 1 5 0 & - t t5 ? #x. <b ^\ A 

[0 0 0 8] 

±ie«^60C P P-GMRA7 K"C(i> #«x.f£ P t -Mn l<z£ t) fcf& £ HZ> K&M\±m 
134CU >XliWftl.o SSMtti 1 3 4 f±, JtJ£^75^ 2 0 0 ju n • c mflj^ 

"Ccb , m&&£mm 120, 140^7'j -«stta 131, m^mam 1 3 3 tctt lt 

»J , 0Jx.tf±Ttf>>>-/l/ K*raRB3&*6 0 0 Afi«-e*«i:l, JR&ffiBteJg 1 3 4 O 
MJ?ti2 0 0 ASJKt £n& 0 iOJ:9^Jt«jao^:#v*KaHBtt* 1 3 4&M<Wth 
tiX^&t, SMttil 3 4<7)I^i<, t >^I-l^ItL|, c 1 1: J; o TESI 

[ 0 0 0 9] 

t fc±JSMfSu<0 CPP-GMRA7 T^|5-> 1 0 S^-kSB v - ^ Kg 

I 5 0^m®M^-3fefer jo t) . T»'>-^ K« 1 1 OSrav-^ Kg 1 5 0 K*>*«E 
tfmti&o lOTSSy-^Kll 1 0*O f ±IBy-/l' K» 1 5 0li, ^i^C, Mi 
(f N i F e <r> X n J: oTMHT^i, iot, TfK v - ^ Kg 1 1 0 
MlSSy-A'Kll 5 0 K-fc ^^*aE5&«aE*t* AMR (*;fr14«B^i£#t) 2& 

II > T«*>-^ Kg 1 1 0SM->-^ Kg 1 5 0O««tH*»iM«i-&o iOffijagg-ffc 
W\ ^y KOffiAWfLTy^Xtio-CLiTo S^JSO^v^H-eiiAMR 

mHv>\&\U ttzhWm (T«Bv-^K»l 1 0iT»^tttIIl 2 0«Ltv> 
&iSH> &O f _h«v-/u Kg 1 5 0 t_h«P*»tt^*Rl 4 0«Ltv^ti) 

[0010] 

fc*J, C I P-GMRA7 K-Cfi, -t >X«ijlE;a*R5£iB14«Kt± 1 #JHJ£ Lri»«E*vf\ 
[0 0 1 1 ] 

u , g^fflE^fita**^!^ E^lti £ « x r I- H 5£«tt* b;fr fa * 3c 
O A M R ft* K J: & y ^ X £ a - £ 4£d£ "BTffi & C P P Ig^l^fijji^*^ -y K * 

[0 0 12] 
[0 0 13] 

star**?-*: s-flix., ioE^«^«^a**TojRffitcia2flfi-4^i^tc*at*»aE*L* c 

[0 0 14] 

#><b, H5e»tt*0«afk*l^«:|ilSg"taR5il»tt««:«x4<"C<>, i^iitioifw 
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[0015] 

izmmfctmmmmnts&mtfmMcztix^zz torn t lv> 0 z\<om&. m 
Tzm&m iztt l -ch&tcKj tc tin t> o r v> 7tj&* <o*t#i4^$ n & :t <b , 

[0 0 1 6] 

-^Kit, :o±to->-^ k» o ffl Kitm-tz. * n n m&mmm £ * u mm. 

[0 0 173 

[0 0 183 
[0 0 193 

^^LTil BSeSSM fc » 2 BCT14 if L fc«JB 7x'J fifit tftUv»4ii:# 

^£l£fi<J-e*>&o ^OBSiKttSo— SP3H±^SBt±x Fe-Co-Cu (fcrtfU Fe>l 
OJHT-%, Co>3 0gT%, Cu>5^%) , Fe-Co-Cu-X (/:/iL, X fi 
Pt, Pd, Mn, Si, Au, A gO^W HtXii 2 m^X±.<Djtm^hh) „ Xfi 
Co 2 MnY (fcrtfU YliGe, Si, Sn, A 1 <n^-ftlfr 1 UXii 2 ittJBLhOTG*-? 

[0 0 2 03 

^ritiiuBsgi-*Rai»tt)i*«x.r & j:v» 0 R»rate*#E:fc«&«ffi»**?-ttKE« 

B S 1 0#M £ £ £ 3c&Mi&m%- B ^Mttf 0»-ft £ 3* B K B S 
-i:75 ? -e#^o R3ftflB14Ji »i. f/^I£D^^K<?:i6, WiffN i -OXlla - F e 
2 0 3 ic«t «)^$*L/;iffei»R5fi«S14W-C*)^^ t^Sf* Lv^ 0 &&v>fi, ^JxtfN i -O 
JUS a -F e 2 Os Hi *)3KJS$*Lfc*i»Rai«tt»i:, iOflMf £3SH814e t TliriEBJeJK 

[0 0 2 1 3 

uimMtettM^mi- 1 v - )u vm r &±u -> - ^ k« t <r> m k »± , b^«s s. 
4 "t a £ t k <t «} , tsb -> - )v vm r v±u -> - ^ k* k is tt £ -t > * mm <r> m + o 

miiE#2 004-3021510 
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[0 0 2 2 ] 

a/Cu, Ta/Ru/Cu, Ta/Cr, Ta/Ni-Cr, Ta/ (Ni-Fe) - 
C rXHC r <9v>-f 4 Vmf&Zti, Zblzm.f&*l<ZC r £^tr*#£-(4 C r #^*;9 ? 

iz x o x i> %7B-f z> o 

[ 0 0 2 3 ] 

v^tfo ctiia^ ^s*->-^ K^Pi^Lt^-ei;, £<b(c, ^y vmvtmz ; s-)\< k 

[0 0 2 4 ] 

JBIT\ IHMH^-^v^X^B^^^H^-tSo ^-HCi3V>T, X^|p](4 h 5 y tmiifa. Y 

# l± E»«fr*» «> » *lB8#;fr fa , Z ^ |6) (4 ISit^#<^) TO ^ |fij R E^«5C«fiL«| * 

[0 0 2 53 

@i-ni7ii, i ^ii: i * c p pag*i»fist»*A y k (cpp 

-GMRA7F) (Dm lllfi^^Ltt^o H 1 (4C P P-GMRA7 K 1 OltitSr 

m^^&xwmLxmi-UftWrmm, H2 t4c p p-gmr^* Kio*fifciE»«&*fc 

WfaW«a»&Ji,T^«$HffiIfB, 113 (±GMR|^3 0 fc±>&»k JLT^I&i^iSia 
[0 0 2 63 

CPP-GMRA7 K 1 l±> H^Z^[6jlC^<7)v-;i/ KWHSR-G L £&(tT^J&£ 

o 

[0 0 2 73 

TSBv-^ KB 1 O&tfJi^v-^ KB 5 0 (4, maty-* Ktlfit LtOit^t 
L, HI 1 2 KTFi-J: -9 Id, GMRi?3 0 J; Ht*C)2;v«t*M$nTv^ 

o i©T»y-^ Ki 1 OXJFiay-^ Kl 5 0 li, v- * KiW?) *i 

Wx-fcTN i F e K«fc »K & 1 ^ me«©JKff-e^jSS*iTv»* 0 

[0 0 2 83 

* 0, ««t LWGMRt?3 0 ZMmfmzWJ&irZ>tzfr<D~>- Vm t LTtMt 
*o ±W*ffi»#»rt£&JRil 4 o (4, ±«v-^ KB 5 oosmctefil-*^* ? ?*«-e 

[0 0 2 9 J 

T«*ffi»#«tt&JRII2 0SO f ±«B^:ffi»*fi8H4^JRlBl4 0(4, GMRfT-3 0<7)_t 
® (7'J-Itti3 3) <h TI 1 0^1141 3 1 a) i:fi«»LTU»), H 1 »CflS 
2 o tCGMR^T3 Oit) &+5H£<, TS&y-^KB 1 Oa^Wy-^ KB 

5 o tmmcwmz^Lx^^Zo 

[0 0 3 03 

#tfj(;(4, #|x.(4A u, Ag, Cu, Ru, Rh, I r „ Pd, Ni-Cr, (Ni-F 

ffiSE# 2004-3021510 
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e) -Cr, C r <D\s*i*infrinXlt2U&±.<7)7tm^£ *)MJ$LZtiZ> z ttmt L< , 
MMti:C r tf&ift&m&liC r#^m^2 0 f%^% ^liTi^ t X v> 0 llif, 

#?114^)il2 0 (±, GMRfi^3 0O-> - KSt LX 2>tz#>, ttxtfTa/ 

Cu, Ta/Ru/Cu, Ta/Cr, Ta/Ni-Cr, Ta/ (Ni-Fe) -C r 
XttCrW^WtiotMJ^ti^Ct^iLK ^tttt&SStMi, Ta/C 

[0 0 3 1 3 

-GL« (1/4) J^±t&£8gJ¥-eSi&£*i& 0 tfiJxJf, v-;w KHHBR-G Lt) ? 4 8 

0 - 8 o o A-e&& ±mmwm^mm2 o, 4 oomt 20, t40d6o- 

3 0 0 AT'*4:WiLv» o *m»*«te&JRII2 0 , 4 0 O 

Jfcj£J/L&, y-f KI10, 5 0Oi)S^t*4N i FeOl/5 - 1/1 OtSit? 
i&m-f KH s fH. 1" % t> *, , *M«*fiB14£JR US 2 0 , 4 0 <7)iiJp75* 60-300 
AtiSUOv - bigjftti, N i F e)W3 0 0 - 3 0 0 0 K^mM-X^^KX^h 

m&vs-Yt&mzffiM'fZo io-c, ■fe^^m-it »±^iBflt*»tt^*iR 2 0, 40^1 

n-^i-< , ^M*flStt^JRJH2 0, 4 0 ty-;VK@10, 5 0t^fIt^>Xl 
vjfL^^^^MfDi-^- I So dtifcj:^ T»'>-/i' Ki 1 0 »U f ±»5'-n/ Ki 
5 0^AMR^*tcJ:-6Stn:^t{±/h$ < WZ-btiZc T«*W*lt#l8te&*SII 2 

OO0|I*t 2 0 fc±a*ffi»#»tt&W!U OOlSt 4 0(±, PI-e*oT(,H4oT 

[0 0 3 2] 

GMRff 3 0l±, 0 2 C^Jftli X 9 £ h v y (IH^X^fpj) Civ>Ty- 

^ KI 1 0, 5 0 RU t *:M%t&]8m&m&2 0, 4 0 0«t3r**«tCffi« ±T®^ 

mm4m&itmm2 o , 4 0t:iotfti*iTv^ 0 :^GMRi^3oit 

tt#JRM2 0, 4 0^v-;w KWHSR -G L <0 (1/4) W±©«mE-CJgjS$nrv>S^: 
v-^KffllfiBR-GLO (3/4) t% 2>mmxMf&ZtiX^2> 0 GMRf^3 
0(±, T«^:M«*»tt&JRil 2 0ffl;ft><bjK£B£i&1£J13 1, *»tt*ffl-Ji 3 2 5:^-7 

ii«x.rv»4v». in i rvw2 K7F-r&»mft£<z>*tizm (absd iza y t^^m« 

#flfc14&JRBl2 0 , @tllti 3 1 , iiftltffi 3 2, 7 '9 -JSttJl 3 3 W±gfc*M 
«afiIi4 0#itULtv^ o GMRf?3 0(±, t f±±T£i£K L 

r, T*»e>7';-«tt«, &m&w&mRv t mm&&m<om&xnm&i8.2tix\,*x & x 

[0 0 3 3 J 

$ 2 sgiiti slot, t-fsm $ *tx$mmtm- £*>j&mz titzimn* 

IHIV3 1 bW^44»S7x'Jiji-CM$fttv^ 0 SfclH5£fi£1**3 1 a, =«t£ 
fflMI 3 1 bai) f »2 H5cBS1±* 3 1 c <D-mi. m 2 RtfB 3 t^$*L* «fc 5 §M 
ttM!3 2RU f 7';-?»14«3 3 «fc 19 *>/W h^lfiJUfflO^S < WXTtm^ti, 
$7N£h 2lih7 -y^itSTwJ: *9 & *£v^ 0 J: ^ KH5efiBrt4S 3 1 b 9 * 
^f6j«t «9 <>/W F^|6ji:fi<®O f tM$*iTv^ fc, S^fiSttJf 3 1 aSl) f »2B 

TjmzX 19, * 1 3 1 aMi2SgItti 3 1 c O^b^ffijti, h2f|6] 

3 1 a 2 @£fil!14lf 3 1 c (D^m&%^~ * > h <DftZ ti>m~Wtiir 2> X o # 

1 H^14«3 1 a<7)mitJjfo*'U YJfmtirZo % 1 H^fl&14« 3 1 a tH2@5ei& 

tt® 3 1 C {±, mm.*nm*s 1 b^iM^RKKYWffls^ia^ swcatfb^s 

tiilE#2 004-3021510 
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y y {mumm s xm t ) %m 2 ititti 3 1 c oJiM£SMt*>7t *> <nm%^-* > 

hi*) < LT*40t?, H^?S14B 3 1 LTOfigfbTjfrfilfl 1 E5e?81£JB 

-e, »2HSEfisi±JB3 1 c <omitiimzm^&fti-emLx$>z 0 

[0 0 3 4 3 

, HI (C^i-i 9 ^IE^#t«0*t|p]®H!|<7)^M ( A B SI) t!> j TO$*iTi^o 

li:WLTZ*SMIo^Wi:llD*>otv»fcic:.Aoit»ttA«j(|ii, @ 

IlifCioti, il@M13 1 aXO f *2H5g»tt»3 1 c^Iftt^liA^ 

10 0 3 5 ] 

II 1 glCTi'ttJi 3 1 aS^i2 @^Mt£/f 3 1cl±, «Xii£IRj& f , F e - C o 

-Cu (fcrtf L, Fe>101?%, Co>3 0K^%, Cu>5^%) , Fe-Co 
-C u-X (fcrtfU XtiP t , Pd, Mn, Si, Au, Ag0^f*i^liXli2i 
W.±<7)7cft-C&&) , XiiC o 2 Mn Y (tztzL, YlZG e , Si, S n, A 1 OV>fn 
^l*Xf±2aJ^±<^7C3(f-C*-2») X 0M?tltV^ o i»$ligltti3 1 aS 
W f *2BSg«tt«3 1 c<7)fll/?fi, flUt/l 0 - 7 0 A8K^** 0 *«tt+IW« 3 1 b 
(i, ff§ 1 B^fi£14« 31at|2 3 1 cOflCRK K Ylft*§SfFffl7$ ? (i7t: < 

WRXtTRJSE-C^ftSiiSo ^l&Sfc^JRO^NBtt+W* 3 1 b (i, MZ.l*R u K £ *) 3 - 
1 OASSoiS-eMSnTv^o @CT14^3 1 fi, ««7i'J*jt-Ctt&< 

[0 0 3 6] 

3 2 ti, m%mji<Di&^mmttmz x o tim $w:h s »u<, * 

HM^-eii^x.lfCui:l i}M$tLtv^ 0 ZO#M*tM3 2 14, 0lx.tf2 5 A 
SKoRW-e^iSSnio 3 3 li, ^o-^Xti^rM^, Fe-Co-Cu 

(fcrtfU F e > 1 0/^%, C o > 3 OJ^T-%, C u > 51^%) , Fe-Co-Cu 
-X (fcrtfU XtiP t , P d, Mn, Si,Au, A g <7> v»i**Lj&» 1 IXii 2 «JSL±<0 
7G^"Cab£) , XtiC oaMn Y (fcrtfU Y(iG e. Si, S n, A 1 Ov>T*i>5» It 
Xfi 2m.&.±<D7tf%"e$>2>) i:i»)fS$*itv»4o 7'J-fiH4g3 3 0MJ¥ti, $lxfi 

1 0 0 AfIJK-c*4o zo-7';-5t14®3 3 ti, ittici &ms«it«-* LTV^tJ?, 

S3 3S^IMf4i3 2 OMfflOSBtCfi, h 9 y ?iPI:&fpHCi&fb£*t-C^&/N- K/W 
7Xi6 3/5 s lLtv^ 0 K/nM77§6 3 tGMRf^3 0 i:©KC(±, %\ 

mm 6 ixi*m2mmm6 4fimk-m-t-AmmftiELx^xi> x^o 

Z<r>ffi.iU*. a- K/U 7^1 6 3 offi^'f 7 Allfi: i oT, h 7 y ^(S^lBj (H^X 
3fr|nJ) Cj|x.f>tlTi^ 0 [12 <7)^ep^|p]ti, a- K/x'/f 7^16 3 OI^M 7Xlf J 

[ 0 0 3 7 ] 

te§£-tf"C, T#><bJIlKH 1 KIMi 6 1 , A->f7 7Tft*6 2, ±^Oa-KaM7^1 

6 3, %2mm§ 4mmfcf&2tix^2>o 

I 0 0 3 8] 

# 1 16M 6 iao f *2 «f® 6 4 fi, ^JxtiA 1 2 Os^ S i O2 ft ^^«»»«--C3B 
^- KaM7X| 6 3 (RVa- hVf>f T^THfe/i 6 2 ) t *M2NSBtt&JSlS 

2 0, 4 0«i*I<6tv^ o f^fc*,, §1^6 Hi, 7 V -Ittl 3 3 OlfflSS 

o-asnssi-sKip-c, T»*i»*«tt^iiii2 oo±i:is!t$titv^o %2mmm 

6 4 (i, @5e1S8H±« 3 1 oW««P^«"r*Rff"C, ^- K'W T*m 6 3 0±KtfM£ft 
Tv^ 0 

[0 0 3 93 
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/<4 TZTMm 6 2 Wt, /N-KAV7^i6 3«ft »Hc, ftfijJt S ) £ffi]± 
/n- K/sf 7-XJ1 6 3 #><bS&£-f &^-f T*i&#£ig:fc£-£&£#Ki£tt^:ftTV> 
4, /U7^Til!li6 2(i> fl^il^^rflUS (b c c O^RJU-CffM $ ft£ £ <h 

H<, *#W»C»±C r, W> Mo, V, Mn, Nb, T a tf> v>fn*» 1 tti fcli 2 
±^)%iT*ffM $ n ^ C t ^ J L Z<7>/*4 TXTibm 6 2 (i> a-K/^7 X16 
3«TU«*i:M$tit^4;i:#SfiLv^, V x ) 3 3 (Offiffiijg&t ;w K/n' 

^T^me 3 t»Hi:fT^LTv>TUv»o 3 3 OMfflSKt ^- KaW 

7^16 3 0Bltw®Jfi$tL*/<-f 7XTil 62«h77 ^"Pl^"|n]^i3tt^l^fft±> 1 n 
mam^CtWLK /M7*T*«6 2ri*:fr£L-Cv**Uf, a-W7^1 
6 3 £: 7 U 3 3 fc*«aWKa^#fc-t* 7'J-lft|3 3 <*>3SSIS 

[0 0 4 0] 

JJl±0£flMSj££*r-*-<5 C P P-GMRA7 K 1 It, tVXtWMRi^S 0 OH 
Ii:WUIIJ^l (JUff^lS]) H«*Lfcfc§, GMRf?3 0 OE*»^»SlS»*S:?IJ 

K«5 0ffl*»?>T»->-^KJl 1 OfflUlPj^oT-t^^m^^aEL^Jt^^^D^m^i 

[0 0 4 1 J 

0 4 «fc 7 ±W'>-A- 5 0 lC#x.^tL^-fe>^m»it(±, ^-©^^ 

12 0rt^Ao)t-t>x«aEli, T*K^:lH«*«tt^JRR2 0 olt&^n^v-^ KJf 
5 0iH/h$< E.oT«*:li«*«Stt^«R2 O^GMRff 3 0 «t «9 ^v>il(:ff 
£LTv>&*:46, *©*«$S-#Jfc«t>L«>J: M>£ ^T£B*ffi«#ft&1±#JS!ll2 0l*]£Jjil® 

[0 0 4 2] 

:<Di n tkWXLt&&\z iftif, GMRi?3 0#fM$ntv^ii©±itiiUT 
StfcSK, -b>xWt+t^^i^^o *ffi**«tt&JWR 2 0 , 4 0 

tv-^KilO, 5 0OJM5K£»t l±/J>$ < ->-^Kil0, 5 0 O 

^$<|fpif)ti4 0 TSBv-^ KJS 1 0 ^ ±« -> - ^ KJB 5 0 i:fp]^ott > 

c> -5) o 

[0 0 4 33 

±JELfc J: 9 K*C P P-GMRA7 KKi. MI^tt^Miai , Tg&*M*i# 

-GL^^iH/h$<t^it^'C-|, ±^1^1^114 01^1 

ffi*ffifl£fMigf£&JKll 2 0£fi£*£ 0 &J*v>K(p: t 4 0> t2 0«ltv^ o 
, fl£#TN±, [212 1 Ktf-T J: 9 »wH^«tt»Oitt±t:jRSI«ai4»*«ffv»i|J¥-t?^/a$nT 
^tztztb, : s-)l> KWPHR-G L' «r^c# < S*rfc#®tt&*llS:+5H;JlE < 1" & - 
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[0 0 4 4] 

d5~|2l8 *#JHU HI 1 ~H 3 H^i" C P P - GMRa y K 1 Wll^ttO- 
[0 0 4 5] 

H5 -138 Kjs^T, (a) (i C P P - G M R ^ y K 1 WfMtiefciESfltflei: *>*j-|pj 
®ffilJ^e>MT^-t-^»f®ll, (b) liCPP-GMRA-y KlWljllg^iW* 

^c^coc pp-gmrav k i tm— ?&z>tztb, m.mmv&'t&o 

[0 0 4 6] 

3ia, wm^rm 3 1 b , ^2 h^mui 31c, #5it£*t*4-»f 3 2 &<^-7 >; -^14 
2@7Eigm;i 3 1 cti, ^^«<7)^2@^^3 1 c <vm i ¥-utw\zmm^itj-izf& 

[0 0 4 73 

>k\^, y*)-mnm3 3»±c, f^-r-<^ gmrit3 o^w&^T-mm (h^ 

7 MR 1 ^Mt^>o 

[0 0 4 83 

I^v* h/fR 1 £^J&L£f^ V~J7 MR 1 t;S=bttTv^v>7 "J -mt&M 3 3^^ 
3 1 a £ -C<7)&m (7'J -flBftS 3 3 , 3 2 , 2 @5eM14 

i3ic, m&&*¥mm 3 1 b jto*** 1 m&s&tem 31a) frfluwr ^ * > 5 y > 

<fc»)lfc*U T^M»^14#«M2 0j& , *fcHLfc£>>f 'J >^£*n-i-£o 
ISlct*), Hi 5 izm-f± 9 fc, TSB:fciB«#«Bte&*II2 0 0 b v y ? iH^faolJ^f 
*«R±K, m 1 @5eJSB14« 3 1 afrby) -fiBteg 3 3 4T?0#*"C1IHR$*I*GMR3R 
?3 0»Mtior5l$tiSo GMR|?3 0«M«iCl^ 5 'J > 

[0 0 4 93 

^v>T, I'y^HRUSLfcMOii, GMRf^3 0^«ffit:^tt, £ 

i mmm 6 1 „ txtib 6 2 , ^- k/^t^i 6 3^5.^ 2^^ 6 4 ^^s^^ 

t±, T8B:fcffi«#fl&14&JSIgS2 0 H*fLT««M*|fi]i:f * - t **Sfi Lv> 0 
[0 0 5 03 

^/^HRl &6fc*Lfcib, m 7 H^i" <t ■? {i> 7'; -JBtefli 3 3±K, Mt^^ 
GMRlf 3 0 <7)i^£^i£h 1 V V 7* MR 2 £fi^-t£ 0 

[0 0 5 1 3 

EcV»t\ (BJE17 tc^i-i -9 Wv^ hSR 2 H«*>n-Cv^v>7 »J -?S14J13 3 , * 
^tttfWif 3 2X^12 1^1113 1 c «>— *B*0Ix.tf>f fr^S U >?IZX *)&&L. 

«t *)> -y)-m.®.m3 zjkmtmmmm 3 2i4gmr^t-3 0 t*s^as^>*tc^$ 

tU i2S5citti3 1 c<r>—U. mm^mm 3 l bS^ll@$Eltti3 lali, ~7 

-iti 3 3 Rmmmmm 3 2 * ij j^ftmiKii < 

o :07'J 3 3 , ^flBtttflMI 3 2 XtfUS 2 HSg^fi* 3 1 c 0-«R{±, h 

*ri6lliflio3»1iififl|**»e,*»tcil«Lrv»s 0 |2@SH!13 1 cHx R^SBJ: ») 

[ 0 0 5 23 

» 1 Ay * 7 -f ;w^r> v 7m 7 l ?)llfli> 'J7ht7i:J:t)Uy^MR2 
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tie 

[0 0 5 3 3 

k/'^ MR 2 £8fc*L£<b, H 8 K^ci" «fc ■? k, -7 'J 3 3 1 i? 7 

-f ;i^> y 7°J1 7 1 ©_tfc, $ 2 l«i 3 1c, INSte* W® 3 1 b R&m 1 HteM 
ft! 3 1 aWl^tfth 2 £££-f & VV7. MR3 £M;-T£o dOSS^S: h 2 (4, 
GMRff3 00^7 v J'lBtttTwRO'KStifeh 1 4 0 i>±& < I£;£$ftTv>£ 0 U 

[0 0 5 4 3 

Mv^T, leJIU 8 IC^-T «fc n l/y'x MR 3 CS^tLT^i^I 1 7 ;i/^^r 

•y 7°Jf 7 1 -h-h^ta < ti>mi H5e?814* 3 1 a * fcttxtf >f * > 5 'J y^ia 

l9B&*-f&o *lt!>ltli, UyX H R 3 Cl^nt^^V^i 1 ^ 7 7 
7*17 1, %2 SSItti 3 1 c O-SB, + 3 1b, 1 H5E«Btt« 31aS 

0 f TfiS^M«#mi4^m)jI2 0 £lfc*U Rlfc*SB5H::T«->-* KS 1 0 £It£fci£« 
o i©IJii$W:Tg|5y-^Kgl 0±Cli, IsJH 8 C^i" £ -9 tc, i2^'777 >r 

-y 7°>1 7 2 £j£Jiil1-&o i2^'-7 7 7^ ;i^> y -fm 7 2 co^M^fi, 
£'J 7 h*7K4 0E£*-f£o 

[0 0 5 5] 

i^T, 7 'J 3 3 , fjl 2 6 4 , #l/*y * 7 -f ;i/^> y 7°Jf 7 1 Stflg 

IXli>ft^5'Jvy»:J:t), ±«S^:lB»*«tt^K«l4 0 o±ffi*»¥fflfk$ttS 0 

KfciSH*$;H£o CMP*DXm<7)±^7cM«^tt^JlM4 MJ? t 4 
OCPP-GMRA7 Kl tlSICC^^o 
[0 0 5 63 

fit, 3 Fffl'ffc$*L^±«^:liiflt*aStt&JR«l4 0O±H, ±»->-^K»5 OS:*/* 

±ft*Mt#N813i&JK!IM 0 fc aC? ^^ILT & 4 v> 0 

[0 0 5 73 

J£l±OIIIK4: I), il IZTjiirC PP-GMRA7 Kl j5*^1--S 0 
[0 0 5 83 

IH9~lll3f±, U C P P ig7ClIS»*A 7 K (CPP-GMRA7 

@;£?&teJf Oi&fl:7J[6j£yW h^iRj^H5ei-*^ne>oRawstt*«:«:ttfcjft-c, 

[0 0 5 9 3 

H9 I4C P P-GMRA7 K2 0 1 OflliiSrSH^ffcTMjOSfr LT^1-«B53*Wr nSHI, H 1 
OHCPP-GMRA7 K2 0 1 <0«^^|E«#:t<7)*j-fSlM1liJ^^^T^1-M^»fM|2l 
> 111 liGMRf^-2 3 0 &±a»<bjl.T^1-&5$ 5 PlBia-C*&o HI 9 ~H1 1 K43V>-C 

, hi 1 izmi- mimmmmtm-- * ft Lfzm<Dmm> mmmRirm 

[0 0 6 03 

*CPP-GMRa»; K2 0 1 t4, GMRfT3 0^^, lft:iiGMRt^3 0 4 »3 

hjjfammviiLmfc, @^itti3 1 ©M^^*@€t^^*wRinti3 4 

tixrv>4. glJwi-tLff, R5fi«814«3 4 14, h:#faJWifcJ£*$*fc*2 H5&K 

tti3ic <7)±tc, ±g&#N&i4#«jH4 0 • , -7 u 3 3 , immmm 3 2 atr 

MM 3 4 14, I21MI3 1 c fco*WtcS!!ftie^«#Srl6^$*, 

#K4 ») * 2 H5c^|tJB 3 1 c<omKfifa*>^4 h^|pJ^H5g-rSo * 1 Hjfe»tt« 3 1 

a fc£2@5Efigte«3 1 c(4, KIS 3 1 b*^LfcRKKYH9*I^ffl{:J: , 

tBIE#2 004-3021510 



mm 2004-047757 



^-v: 10/ 



fttfrw-ft-ftfa^mfcztir^^o m2%iM^mz^x mim%.m.&m3 1 

ftffifjt*7t: 0 <7>$l^- * > b (^P^tM sXlf t) £i£ 2 @5tMlJf 3 1 c O^fi 
ffi«&£ y)<nm%*-J< > h «fc 0 < L-C*SOt\ HSeflBttS 3 1 <7)<£#:fc LTO 

emii|l@$ittl3 l a<^M:?jf6H^L< H9-eii. »lH5c«Stt«3 

i aoffli'fk^ri«fi**v^en, *2i^itt«3 1 c <a^b:frfa£lfflv^ep-c^L-c&£o 

[ 0 0 6 1 ] 

4 ii, tc^Z (fc£L5G*Zli, Pt, Pd, I r , Rh, Ru, OsO- 
n 1 4 tz it 2 «J2JUttf>7c3fC* * ) tMnt^ ^ti" & Raftmtttfft^Jft $ ti Z> £ 
U ? tfHv»o £>&v>(± x tcSIZ t7c|tZ' (fcrtfLxSRZ'li, Ne, Ar, Kr, Xe 
, Be, B, C, N , Mg, A 1 > Si, P, Ti, V, C r , Fe, Co, Ni, Cu 
, Zn, Ga, Ge, Zr, N b , Mo, Ag, Cd, Sn, Hf, Ta,W, Re, A 
u, P b, RVifc±M7tm<D7 % iaxU2«JBL±©7£*"t?**) iiMn^^ft^R 
3ft»tt*t*M=J: «)»/RS*t4i Lv> 0 cift fcR»^14*mti, »fttt(:ftiitv» 

T 7o y * > ^ia* i < , BMW&M 34ti2 iStti 3 1 c § 
^l#^4HS:H ? f^o S®Itti3 4li, 8 0 AJy.±T-3 0 0 AJ^TOM 

[0 0 6 2] 

34t ±SGv-;w Kg 5 OOWKli, -fc ^WiftjFRatHKte* 3 4 lite Sen 

•y -fm imm) 7 1 tfBj&ztix^& 0 mi^y^y^ ^> yfm 7 1 , sssiatte 

3 4,^2 @7Ei&14Ji 31c, ^tt + Kfl 31b, » 1 H5Sfi8Ett« 3 1 a JBLXTTtiMzm 

mm&&&mm2 ot±, mi o K^i-j 3 k/w h^iPiiniBojgMee^-gcLrv^o 
:n^iA'^7^Kt7^i7 i , R&m&m 34,^2 h^ki*® 3 1 c , m& 

+ 1 b, iirati3 1 aSO t 7»Sfiitt#Il2 befall 

ffl-Cii, A 1 2 0 3 ^S i02%t*<O&mtt&^£Vf£l&Ztitzm2^v?y4)V*fvvzf 

m mmm) i2\zx.^x. ruis-fr^mi 0 t±n>-^vm5 ovrntmibbtix 

[0 0 6 3 ] 

*m2nmMMx-ffiz.t>ti2>±mm®.&:mm4 o'(±, 7u -11113 3<*>_tK, i£ 

[0 0 6 4 ] 

>kK, m 1 2&O f H 1 3 £#P.BL, H9-I11 1 IZTF-fC PP-GMRA7 K2 0 1 <Z> 
[0 0 6 5] 

0 12MH-13i:^T, (a) tiC P P - GMRa y K 2 0 1 *>*jtxe«:iBS*t 

fctMmmmfrb&XTF-rufrM'ffim. (b) i±cpp-gmra7K2oioiii 
zrmm±, ^mtm^ cpp-gmra7K2ou m—x$> & „ 

[0 0 6 6] 

^!2SSIttI3 1 c <7>-g&£|5fc*1- 4Igi T', ±«0| 1 %Wimt R— C<fc* 0 
H12I4, MR2Cl^nt^!5:v^±^IttIl4 0', 7 U -frimf 3 3 

, *»tt#fl-» 3 2 2Sty f *2Hje«tt«3 1 cO-SBSrfllx.tf'i'*^ 'J >^KJ: (9 
Ltzmk<V%km*7FLX^Z> 0 ::t\ ±»*iai4^JK«t 4 0 \ 7'J-ltti3 3M 
#fl814*m«3 2(4GMRff3 0 fcSam&O^fcjaStU i2 1$Ifl3 IcO 

h« 3 1 b Rvm 1 &&m&m 3 1 a ti, -7 v -mam 3 3 Rmmmt 
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nm3 2 £*) *>/w h^fam®^&<&vvzwmxmznx^z> 0 znh±mm^m 

i40\ ±U v - * KS 5 0 O-SIS, 7 <j -«g14H 3 3 , ^HKttWWi 3 2 RtF» 2 @ 
fcmnm 3 1 c^)-»i, -€-<zvW h^frliililo^mteM^rf ?)^i:iiLtv^ 0 ^2 

xm < , ^sp-e(± 5 o Aum. mi^u^x^ 4oa«-*^ 0 

[0 0 6 7] 

l/y^HR2 na^nrv^v^±^^M14#^M4 0 '^^^2 H^&14Jg 3 1 c CO 

^ 7 < ;i-#"> 7^17 1 ^^H-r^o ^ l ^ y ? -7 i ;i^> -y y°m 7 l coj&Hlf£fi, ] ) 7 
h*7j:ii)l/^HR2S: P&*i" & o l/y^MR2^ L £ <b , ^ 1 MMMWi t 

mm^xmx, m 2 mfcmvkm 31c, $mi±*mm 3 1 b 1 gtstti 3 1 a co 

ii5£-t&h 2 ZM7Z-fZ> tt 12^7^7^ n^'-v -7 7 2 £©j&1-£ 0 

[0 0 6 8] 

mznzdo -ohi, r-- tiWxti^ 7 o°cfij^-c& 0 , i^m^cotc £ £ (i 
800k A/mfsjt-e^>^o ;o##^7--;vwi$ii§; tia *)Ki&m&m 3 

k.'&w&m 3 4 t»2@^nM3 1 c (Dm^^^mw^^-r^o i&^t^ 

3c#M££«^ £ *K ^2@^HM3 1 c <Dmit^m^^4 hyVfrKH^fu $is 
7Z.M&m3 1 aOfrM;7Jftf±/W h^[S]n^LTR^fy7[S]^@^$n>5)o 1119 1^1-^ 
fll^ftfi, fill S;c*lttJf 3 1 aS^|2i£It!3 1 c <nmitJjfa* ttirtiTji LX 

[0 0 6 93 

*H*feff^-e{±. h^ftMJ«g$^£f#2@£MiJi3 1 c CO 
§34 LTv>£ 7ti6 N |£R$J5£3l14>i 34ti2 HCT1£Jf 3 1 c cO^j&Mfi (3c& 

[zm^-r^^t^x^^o iot, ^ra^r^jf 3 1 b^^-Lxmimmmmz 1 a<o 

[0 0 7 03 

T=--)v^mmt, ±mm®nkmm 4 o \ m2mme4, mi ^y ^ y ^ 

•y -fm 7 l $.0^2/^ ? 7 4 ;i/^r> y ■/« 7 2 <7>_tn, _t£Rv-^ KB 5 0 £j£J]ii1- & 

o ±^^Mi4^M4 o*t±, ±m"s->i<ms oZf&m^zMmizf&mLxkx 

[0 0 7 1 3 

Wi^IgCJ: 19 > 09-@l 1 n^-TC PP-GMRA7K2 0 1 ifittfot •£> o 
[0 0 7 23 

M_L<0cfc 9 Kn2%1k^mx\t^ GMRfHTSB («ttlt#i 3 2/3.^7 'J -fitM 3 
3) J: 0 fc/W h^[S]*fJJtcS?^M3 4 *mz-tz<DX\ 0^1141 3 1 <7)Mfb^f6](i 

, mmTzmftm 3 1 com^*, fmm^^v'r^mm m&^mm 2 0 k x & -> 

- K^*lcj!jpx.T, m@^tt§ 3 1 2 H^Mtt© 3 1c) 3 4 O^ffi 

n^c^^is^^m: 5^c@^$^i^o ttz^m2mm : ifmxit, K^m^m 

3 4^f2 1feltti3 1 c <D±MKmLxmz-tz<DX\ W.2 @;Ei&t£Jf 3 1 c t 

t£if 3 4 cojgJMf* (£&*S^#^£i:&Mfjc$EB) *fc<mi%XZ, @OT14§ 3 1 

<Dmit*£ *)fem^mfc-rz> c & Q -co j: 9 ns^14§ 3 ico^b^+^@ 

H@^$tL-Cv^t, lz>xm : fcM%-<D\B}£ tmimzzM&m3 l aS.?7^2El^SH4^ 
3 1 c <7>£m%.%*- * y h<D\0}£ ttf—$tLX^fj: < ^^.Ltzt 

<t o tariff 3 i «Ifb^^ p> t ^^^o -tyxn : <famm*M< L 

Ti^di^^^d^ - t^nl^-e^^o ^Jx.tf±^^-^ KH 5 O^^TtBv-^ Kg 1 0 

, hi A{zmttvxm^£nKmttm^(D^y7,nm&^ 7 &^irz>o zw-ty^mm 
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^#0|p]#{i, m 1 B5el&14S 3 1 a RZ/m2 H5gffiS14a 3 1 c O^fig^-^ > ho 
[ 0 0 7 3 J 

S L T i 3 4 ^it ^ ; t i> 0 iot, S^UGMRt^SOO 

*M£Jf 3 4 co±M(±GMR^T-3 0O±IJ: <9 UClSf Ltv>5^ 34© 
±K±^iA'^7^H>7 7l7 lei «5 at>tL-cv><2><7)-e, -t y xmfiiitJx3&tM± 

* i t # ? -c § , Mfrmmitim z>zt &x $ & Q 

[0 0 7 4 ] 

H 1 5 ~~m 1 7 i4, U C P P Ig«^gra*^ K (CPP-GMRa 

[0 0 7 5] 

III 1 5I±CP P-GMRA7 K3 0 1 <7>f»i£ TIB Kr LT^i"g|5^©fMIII> HI 
1 6HCPP-GMRA7 K3 0 1 W»ji*SBSit#i: 0#fflffi«*»fc J!,T^-r«P55-»fiB 
I, 117 liGMRf?3 3 0 *±.frb$LX7F-tm&¥mmX*&Z> 0 Ml 5— Hi 7 {C 33 

[0 0 7 6] 

C PP-GMRA7 K3 0 1 t4, ±gBv-;P K/f 1 0 R V s TU v - A> K* 5 0 £^LT 
-t>^S«t«:«IJ?^riPltw»EL^ GMRa**«» & GMRf^ 3 3 0 

&o GMRfT- 3 3 0 14, Tj&» ^KCl^iStti 3 3 1 (|2@£M3 3 1c, #tM& 

&*mm 331b, mi mfcm&m 331a) , m&mtnm 332 Rxfy 0 -sum 3 

3 3itUv>4o #NiM*tM 3 3 2 RZf7 M 3 3 3 i4, ffU RXfm 2 

m<7>immmm 3 2 s^-? 3 3 1 m cfm, mmRmmwHxfti&ztix 

[0 0 7 73 

HSlfii 3 3 1 14, =Mtt##/S 3 3 2 U -fiSttJi 3 3 3 iH^W befall 

«k*< fficrr^jftsnris *k hjjmmwmwxmmK&M&m 3 3 4 cilt 

v»So 3 3 1 &flUft-*-*$2 3 3 1 c (4, j»jftRSimi4« 3 3 

TV»5o £*>#2BSEflB14«3 3 1 c til itltti 3 3 1 a (4, im&^fflm 3 3 1 

^ II @SHtl3 3 1 a«li'W h^rftKBjeSft&o 
[0 0 7 83 

TpfeffE^iTOl 3 3 4 (4, ^JilfN i -OKi « -F e 2 0 3 ^(C «fc *)l&!&ZtiX& D > 
m»iL£»it£&^ 0 £*i£J:»K 3 3 2^7'; -^14^3 3 3 <7VW V-ftfa 

mm&wx, mmKim&m 334 ^*2i^sti 1331c otmic^mlthx.^ 

titv^^ GMRfT3 3 0 *aEfL4-fc>^*at3**j|ei»RaH8ttJ13 3 4 ffl^aE*i& tr 

:t^<, -t > *«ato n a £ ppnnj-r & i 1 7$*-e § * o i tzmmR&m&m 334 t&*#§ 

[0 0 7 93 

^3ilfii:J:§CPP-GMRA7 K3 0 1 f±, % 2 ^MBJl^MjiilflK is v*T 
, ^SfifiSI** 3 4 *) K, iffij»Rai^1fte 3 3 4 £ t T«tJ: fc 
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[0 0 8 03 

Ell 8 ~EI2 0J±, #*9§KJ:*C P PlB^M^^-v K (CPP-GMR^ 

y k) OS 4 nmmzm ltv^ 8 ^ 4 $ 3 ^Mf^o^s^m^ 3 

34ii2 H^fiStt® 3 3 1 cOBi:, &JK£3ftl81±Ji 4 3 4 fc^£S-£fcj&t\ £ 3 H 
[0 0 8 1 ] 

H18I4CP P-GMRA7 K4 0 1 nm&iH&tt&eWWr LXTF-fUfrmffim, EI 
1 9I4CPP-GMRA7 K4 0 1 Ofllii £ffiflS# t <oit|6j®ffil^ ^MT ^-tSB^BffM 
Hk HI 2 0 f±GMR*^-3 3 0 ^i^^^T^i-^WHT-^^o 11 8-120i:i3 

faitm t m — x & & tz & , c n o ui w »± o 

[0 0 8 2 J 

&R£3fel&f£J|4 3 4(i> WAMTP t -MnXtil r-MnCi i)M$tiTv>5 0 46 
If R^te* 3 3 4 fiJftK&gJ&Hr -C-0|S B B H 14^ < (-5SR»£Lfca: v> t Etfmmf 
&Z&bti%\<*fz#>) . f&2@5ei&tt@3 3 1 c (r>M±.{zm%u.m%.&m 3 3 
fc*£-{::(±0i£2B5eflB14E3 3 1 c ti#Mfil 3 3 4 C £ 

#a*/h$v> 0 iiiK^L, ^«RS!&fiStt« 4 3 4 (i> TiOf ffit^2«ti3 3 
lct^M»^K^^o ioT, dW4kJRJR3fc«tt«4 3 4 **2H5e«(tt 

i33ic tm%u$m'&mz 3 4<7)nt:^Ltv^ij\ $2@^iti3 3 1 c tm 

Sllfti 3 3 4*»±UMLTv»4ifc^?,4r>^*at3& t ^«R5S»8Ett»4 3 4 K<>A«J 
CI tr d t t& ? & < , -fc n X * ffi±~f2> Z t &X £ & 0 

[0 0 8 33 

f4iiI|i:J:^CPP-GMRA7 K4 0 1 f±, # 2 Hffi^KO»jgX5gK*5V>T 
3 4 tfcWL-thmto "9 (3, ^JRR3HSg14* 4 3 4 t #fii»JR3fifiBHt« 3 3 4 
iMts 'ftzzt tfx § * o 

[0 0 8 4 3 

-hlES3SO J '^4^^f^T-fflv^tL^^lR?iig|M 3 3 4 fi, #0 x. f£ P t -Mn^ 
iE5IItt§3 3 4 liGMRtBH:@it$iiti^O-e > &4fitt&3ftf&ttB 3 3 4 -tr 

^mx$>2> 0 iot, : W^E^Itti 3 3 4 ^ G M R t^«:I x. I> ^ t C i I. 

[0 0 8 53 

/:#fAxe>^^7*I«GMRi?-^Ix/:CPP-GMRA7 KK*f&9!£Sfl9 LT 

? \£y^)vym<DGMRmi-^m^tzc p p-gmra ? Kn&jSflaTO-c**,, * 

fc±iE«)*SlSifc3K3!g-ei±, y > ^;vx f > a*;vt'Io CPP-GMRa 7 h'izm 

ttWfl-JBXtriWH^ttJl LfcfiTW tf>/s';v7f^C P P-GMRa 
[0 0 8 63 

ttz, ±.&<Dm2~~mA%m : ftmx\i^ i2@Mti3 1 c (331c) »±ics 
M§-ti-cR5iMM 3 4 (XitmmKmmm 334, 434) ^hat 

v*ad«, ^5^il14^(iGMR^i L ^H'KI£^^T^ntfJ:v> 0 @;£Mt£f 3 1 (3 3 1) 
fc««7i'Jfl|j6J:-*-*»£-Ktt, §li^It€3 la (331a) X«±*2H5eiKtt 
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I31c ( 3 3 1 c ) W h ?j [6]#H!Jy|», $ 2 3 1c (331c) (7>±M 

, f£ 2 ®7efiS14Jf 3 1c (331c) OTI, % 1 @5E?Jt14/I 31a (331a) <7)TB 
, ^ligCTM3 la (3 3 1a) 0±ffim>-f £3&f!£t£Jf 3 4 ( 

ximmEmmm 334, ^ssaussis-e 434) ^lix.^ x v> 0 ^*fs^»® 3 

3 4 £1ix.£^£-ic{±. 3 3 4 *m<mM\mz 1 oXtcM1-;z>)g|f#j& 

-c**u*, ^its?^?HM 334 tm^m&m 3 1 o^ic^rsmum 434 *m*.z> 
3 i<owffljaiajjw»-t*RaftsttttJi3 4 (334) miflnstL-cu^o 

[0 0 8 7J 

£ f;|2 - f 4WIt?l±, "7'J-fimJf 3 3 fc«&|i^Offi»£;£1-a±^lH814& 
[0 0 8 81 

±ie#*iil© C P P - G M R a 7 Kli, ff4l*Ri^-;KO*n<, 
[0 0 8 9] 

m 1 3 #f&9§<z>s& 1 ^mxm^&zc ppsg*a$t«tta#^ * k (cpp-g 
[H23 ii^tcppiE«w^7 Koufct*, EaaKfltfcowifina 

[[§13 3 HI C*tGMRf?-^±^f>It^tl^I0^l,o 

u * mat * 7F-t®t±mx & & „ 

[HI 5 3 ilWCP Plg^Sj5iifA y FOMii^ftO-Xff ( a ) $m 
«SEfl:i:o*nailii«*»?>^,r^i-«^IBfMH, (b) ^T-M^^^vn^ hyViuHcTOK 

[H6 3 H5tc^i-xe^»cff4-9— xe*, (a) leii^tco^ffiiMiij^ibLT 
m-tufrmmm, (t>) ^t-£k**-c/w h/Vftt^T^MLT^i-^B/raia-c 

[H7] HeK^i-xe^^ffio-xe*, (a) K»fc#fco**injffi«^e>j!,T 

[EI8 3 H7U^i-XS^H^f*"9-X5e*, (a) lE^IKfri: <DimmMfrb&X 
mirUfrttmm. (b) 3mBS*£:TVW h#|fi]K¥tfK:i»l»LT^«5Hfrlfiia-e 

[in 9 3 ^woi 2 iii^jc u c p p ig^iigraf a 7 b'om&zm* 
*&xwwtLX7F-fMftmmm^$>z>o 

imi 03 i 9 i:^t C P P Ig^I^i»f a 7 KO«5i«:IE»«#fcWlRlli 

[mi 13 11 9 tz7F^GMRmi'Z±frhM i x7Fi-m$: i ¥-mm^$>z>o 

mi 2] @9-@i 1 izTjk-rc p pig*i««afA 7 K©»s*fto-ig 

&, (a) ES*frfc WlfiIlifll^?>JlT^1-«^»fi5H, (b) 

[HI 1 3 3 HI 2 iZT^-txmm^r 4 9 -IS*, ( a ) E^fltfc <W|p]M1!^<b 
H.T^-*-«B$HJfffiia. (b) «T-^4>*-Cvn^ h^rfijjcW^^OBfL-C^-rffi^Wfie 

[hi 43 *>^*aE«*oiRj§i:Hje«ttiio^jfifiBE^-p« > h <7>rm^ ^i^B^-r 
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[116] HI 5 tc^i-C P PIE^lMKi*A y Ktf>*ii*K««#:fc <7>*t[6] 
[017] Hll 5 tc^i"GMR* : f : S:±^P>ET^i-^ 3 FlBBI"C**o 

[mi 8] $i^H4$iM(a^c p Pig^iWAy k^hhi** 

[Ell 9 ] HI 8 tc^-fC P PIE«ma^^ y K^feiiS#:i:0^fn]MtiiJ^ 

[m 2 o ] hi 8 iz7Fi-GMRmi L z±frb&x7F-tm$:¥ffim^&2> 0 

[H2 1] »tf)CPPIE^M}iiMA7 KOft*!^ ieii^#:<h^^f6]Di^ 

<b ji. t m -t m m m m -c & & 0 

[0 0 9 0] 

1 CPP-GMRA7K (CPPlg^lKM^'vK) 

1 0 TSIS > - )\< KJS 

2 0 T^^M«#M#SII 

3 0 GMRI^ (EMIffiiTO 
3 1 g|^?H4^ 

3 1 a |2@SItti 

3 1 b im^tm 
3ic mi m^m^m 

3 2 

3 3 ~7 U -MlJf 

3 4 Rs&igme 

4 0 ±«5^1B«*«tt^JKK 

5 0 ±g|Sv-;u KJi 

6 1 £ 1 iKM 

6 2 /<>f 7X7*1 

6 3 /n- K/W 7X1 

6 4 2 MIKW 

2 0 1 , 301, 401 CPP-GMRA7K 

234 mmm&m 

2 4 0 ±Mfm&&JRWk 

2 7 1 ^ 1 ^ y ? "7 4 * y -fm 

2 7 2 |2A7?7^V^>77'i 

3 3 0 GMRfi 1 
3 3 1 H5eS814* 
3 3 1a & 1 

331b im&tpmm 

3 3 1c » 2 H5ElfiH4« 

332 $mmmm 

333 "7 >j -mam 

3 3 4 i|6i|&K3l«&1£J| 

4 3 4 #JRR3ii»14* 
RK R2, R3 Mf 
Tw GMRf^OF^'^IBtS 

t w ' m^m^m <r> v ? y ? 

h 1 GMRtfO»$tffi 

tbfiE#2 004-3021510 



mm 2004-047757 ^- v I 16/E 



mtiE# 2004-3021510 



mm 2 0 0 4 - 0 4 7 7 5 7 ^- y : 1/ 



[HI] 

ABSffi | 




30 



[H3] 



Ta/Cr/ 

1 nsulator/ 

Hard Magnet/ 

insulator 




Ta/Cr/ 
Insulator/ 
Hard Magnet/ 
Insulator 


Ta/Cr/ ; 

Pin1/Ru/Pin2/ 

Insulator 

h2 




/ 

\ 


\ 

hi GMRSjl?- 

/ \ 






< = ^ 





ttJSEJjf 2 004-3021510 




ttiiE#2 004-3021510 



mm 2004-047757 



3/ 




tttfiE#2 004-3021510 



HfcM 2004-047757 ^- v : 4/ 




ABS® 



tbliE# 2004-3021510 



# m 2004-047757 



- v : 5/ 




tiifHf 2004-3021510 



mm 2004-047757 



6/ 




tbliEtf 2004-3021510 



mm 2 0 0 4 - 0 4 7 7 5 7 V : 7/ 

[H9] 




40' 33 32 31c 31b 31a 
30 



[(Hill 



Z 



Ta/Cr/ 
Insulator/ 
Hard Magnet/ 
Insulator 




Ta/Cr/ 
Insulator/ 
Hard Magnet/ 
Insulator 


Ta/Cr/ ' 

Pin1/Ru/Pin2/ 

PtMn/lnsulator 

h2 


V 


/ 
\ 


hi GMRgl^ 

/ v 






< - > 





tti|IE#2 004-3021510 





iiifiE#2 004-3021510 



WM 2 0 0 4 - 0 4 7 7 5 7 ^- S J \ 9/ 

1 3] 



x 




40' 33 32 31c 31b 31a 



30 
( b ) 

34 71 




10-— -J^; 

^ FTT 

ABS® 



ttJII#2 004-3021510 



mi 2004-047757 



^-v: 10/ 




mfl#2 004-3021510 



ftm 2004-047757 



^-v: 11/ 



116] 



X 64 




40' 333 332 331c 331b 331a 
. 330 



21 1 7] 



Ta/Cr/ 

I nsulator/ 

Hard Magnet/ 

Insulator 



Ta/Cr/ 

Pin1/Ru/Pin2/ 
PtMn/lnsulator 



h2 



hi Gmm* 



v 



Tw 



Ta/Cr/ 
Insulator/ 
Hard Magnet/ 
Insulator 



[HI 8] 



330 



R-GL 



50 



40- 



333 




'331c- 


331- 


331 




331a- 




20 


10- 




ttliE# 2004-3021510 



m m 2004-047757 



^-v! 12/ 




40' 333 332 331c 331b 331a 



[02 01 



Z 



Ta/Cr/ 
Insulator/ 
Hard Magnet/ 
1 nsulator 




Ta/Cr/ 
Insulator/ 
Hard Magnet/ 
Insulator 


Ta/Cr/ 1 
Pin1/Ru/Pin2/ 
PtMn/NiO/ 
Insulator h2 


\ 


/ 
\ 


hi GMR^^F 

f \ 


f 




< ? > 





ttiSEJft 2004-3021510 



#11 2004-047757 



13/E 



[121] 



Z 100 




133 



133a 133b 133c 134 140 




mtE#2 004-3021510 



2004-047757 



1/E 



IMrk^m v - ^ K W Jt*B v - ^ KJf fc > ilTWy-)VKi ffi A $ n -6 

rfy -rates * i) h^ifijjMBKjstfTjgjftsfu h 9 * ^^m^mx 
[SttBi] mi 



ffifE# 2004-3021510 



mm 2004-047757 



1/E 



#SI 2004-047757 
50400293931 

ftlAJi^±J?j? 0 0 9 7 

TO 16^ 2^270 



[J£tBB] ¥i&16^ 2J324B 



tBM# 2004-3021510 



#H 2004-047757 



1/E 



ffl I A 1 I 1 



[000010098] 



^5l¥£ B 1 9 9 0^ 8 J! 2 7 B 

[tiifi] mmmw 



7^- 



ffilE#-^ tHIE#2 0 0 4 -3 0 2 1 5 1 0 



